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Abstract 
Nickel superalloys are used as the material for turbine blades due to their excellent mechanical properties at higher temperature. 
These excellent properties are a result of the microstructure, wich consist of their hard intermetallic (γ´) phase that is coherently 
embedded in the Ni-base (γ) phase. The mechanical properties of these superalloys largely depend on the size, morphology and 
distribution of the (γ´) phase. Both the (γ) and (γ´) phases have fcc crystallographic lattices, although a small misfit exist among 
them, which strongly influence the microstructural evolution during operation at high temperatures. 
A comprensive knowledge of the kinetics of these changes is necessary for the design of improved heat treatment processes and 
for a better understanding of the effects of high temperature service conditions on (γ´) evolution. This is particularly true for 
conditions for wich coarsening and particle dissolution of the (γ´) phase can occur. 
In the present study we determined the transformation temperatures, that is start and ending temperatures for solution and 
precipitation processes  of γ´ by using Differential Thermal Analysis-(DTA-TG) measures in a CMSX-4 superalloy. 
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1. Introduction 
 
The strength of a nickel base superalloy is obtained by coherent precipitation of large amounts of particles J´ 
(Ni)3(Al, Ti) obtained through heats treatments. 
New superalloys contain additions of refractory elements such as tungsten, rhenium and tantalum. These elements in 
adition to molybdenum also have been increasing in the first three generations of nickel based single crystal alloys. 
The content of refractory materials ( W + Mo + Re + Ta ) in the first generation of this type superalloys ( CMSX-2 ) 
, second ( CMSX-4 ) and third ( CMSX-10 ) has increased from 14 % to reaching 16.5 % to 20% respectively. This 
increase of refractory elements results in an improvement creep resistance due to the increased resistance of the 
solid solution strengthening  J´ phase  and low diffusion speeds. [Erickson (1995)] 
 In the case of a nickel base superalloy CMSX-4 second generation, so named by the high content of refractory 
elements and characterized mainly by the addition of 3% Re, all these additions reduce the diffusion speed during 
heat treatments , by so do not favor a good homogenization.  
During solidification, some elements tend to accumulate in the interdendritic liquid and then solidify as 
interdendritic and eutectic regions. 
The resulting segregation must be eliminate and γ' phase and γ/γ ' eutectic must be put into solution by subsequent 
heats treatments. [Fuchs and Boutwell (2002)] 
The dendrites are predominantly γ phase with eutectic γ/γ ' in the interdendritic regions. A γ ' fine precipitated from 
γ phase appears within the dendrites due to the cooling. [Wilson et al. (2008) or Duhl (1987)]. However, it is 
necessary to modify and delete this segregation heating the material above de solvus temperature of γ' and below the 
solidus temperature to determine the temperature of solubilized γ' phase and dissolution temperature of eutectic γ/γ '. 
This temperature range is known as the "window" of the solution heat treatment. The chemical composition of the 
alloy affects the degree and amount of segregation influencing the solidus temperature of γ' solvus. For some alloys 
with different alloying , heat treatment can be very long and the heat treatment exceeds 1300 ° C. in this case 
resulting in a significant increase in manufacturing costs . For this reason it is extremely important to know as 
accurately as possible treatments characteristic of each particular alloy. Also the degree of homogenization can 
influence the properties of these alloys. 
The purpose of this research is to study the effect of heat treatment on a second generation alloy, CMSX-4 , 
containing 3% Re . Therefore it is necessary to determine the temperature at which the dissolution of the γ' phase is 
complete and the eutectic γ / γ ' is dissolved to achieve chemical homogeneity. 
Traditionally two heat treatments are used in superalloys. First solubilized treatment in order to homogenize and 
reduce the macro segregation effects. Second one or more aging treatments in order to develop a microstructure 
cuboidal γ / γ ' . 
In this stage was studied the temperature range when solubilization of γ ' phase occurs' through heating curves taken 
in a high temperature furnace. 
The purpose of this experience was determine the precipitation temperature of γ ' phase in CMSX -4 superalloy, 
using a high temperature DTA [Fuchs (2001)]. 
 
2. Experimental 
 
Table I Composition of the CMSX-4 superalloy weight percentage 
 
Ni Cr Co Mo W Ta Re Al Ti Hf 
Bal. 6.4 9.6 0.6 6.4 6.6 3.0 5.6 1.0 0.1 
 
Samples CMSX-4 alloy, whose composition is shown in Table I, were cut and severed from the original ingot alloy 
and reduced to a size of 0.500mm. thick and a diameter of 5 mm. The approximate weight of the samples was kept 
below 100 mg. 
All specimens were initially solubilized at a temperature of 1350 ° C for 4 hours. In Figure 1 we observe the optical 
micrograph of as-cast specimen which shows the dendritic structure and the eutectic interdendritic spacing found γ / 
γ '. Figure 2 corresponds to an SEM micrograph of solubilized specimen. 
It was determined that longer solubilization thermal heat times than 4 hours was not necessary to obtain a complete 
solubilized. Calorimetry determinations were performed on a Shimadzu DTG- 60H, simultaneous DTA- TG 
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apparatus for determinate the temperature of transformation of materials [Boettinger and Kattner, (2002)]. The 
samples were polished before locate in the crucible of the equipment. A contrast sample of pure nickel was used as 
the probe control for determining the change of the differential temperature measurement. These specimens were 
placed in pairs team. 
 
 
 
Figure 1. Micrograph of as-cast CMSX-4. 200x 
 
 
Figure 2. Specimen solubilized 
The experiences carried out were: 
a) From room temperature up to 1000 ° C rapid heated  rate 
b) The specimen above, once the temperature reached 1000 ° C continued until the temperature reached 1180 ° C 
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and subsequently cooling to room temperature. 
c) Other specimen was carried to1180 ° C, then slowly cooled to 1000 ° C and then cooled to room temperature. 
d) Other specimen was brought to 1180 ° C and slowly cooled. 
In this second step, the specimen was taken from the experiment (b) and heated from room temperature to 650 ° C 
heating rate fast, then from 650 to 1,000 ° C. 
Then there was another experience leading to rapid heating the samples to 650 ° C and then to 1000 ° C. In other 
specimens underwent the same kind of experience but with different cooling rates. 
In Table II the weight samples and the heating rates of the experiences have been explicitly cited. 
 
TABLE II. Sample weight and heating rates 
Sample weight (mg) Heating rate 
A 34.80 10ºC/min 
B (A) 34.80 10ºC/min 
C 10.48 5ºC/min 
D 28.34 10ºC/min 
E 29.65 From 0º to 600ºC to 40ºC/min 
from 600º to 1180ºC to 25ºC/min 
F 28.087 40ºC/min 
G 27.42 5ºC/min 
 
3. Results and Discussion. 
 
Figure 3. DTA data of start and end precipitate interval temperature for different heating rate. 
 
The data were plotted after being normalized respect to the weight of the samples and the sweep speed (temperature 
change). In the graph of Figure 3 records the start and finish temperatures of the phase dissolution of the γ 'for each 
of the heating rates according to the speeds used according to Table II. In Figure 3, note that there is a shift of the 
curves start and end of the phase dissolution of the γ 'as the heating rate increases. 
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TABLE III. Temperatures of starting and ending of the phase γ ' precipitate vs. Heating rate 
 
 
Subsequently, the data of Figure 3, we determined the start and finish temperatures summarized in Table III. 
Graphed thus the interval between start (Ta) and finish temperatures (Tb) of the process versus the heating rate, 
showing that the temperature difference is maintained approximately constant for the range of heating rates studied. 
These results show that precipitation temperatures may vary with the volumen sample because from it depends on 
the rate of heating of the different zones. This result is reflected in Figure 4. 
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Figure 4.  Temperature interval vs. Heating rate 
4. Conclusions 
We studied the kinetics of precipitation of particles precipitated γ' from an initially homogeneous matrix, using a 
calorimeter DTA-TG high temperature. It was determined that the heating rate strongly influences the temperature 
of beginning and ending the precipitation process, although the window width Tb-Ta is approximately constant 
Speed heating (ºC/seg) Start temperature (Ta) (ºC) End Temperature (Tb) (ºC) 
0.083 722 795 
0.16 788 845 
0.41 857 925 
0.66 883 975 
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